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Abstract 
When solving engineering problems governed by differential equations by numerical methods, it is often needed to solve linear 
equation systems. Therefore, students must develop abilities to choose the most adequate method to solve them, taking into 
account the characteristics of the problem that is being studied. The goal of this paper is to show the visual tools that have been 
designed by the “Grupo Ingeniería & Educación” for working on the numerical solution of systems of linear equations for the 
subjects of Numerical Analysis at the Facultad Regional San Nicolás from the Universidad Tecnológica Nacional of Argentina. 
In order to evaluate the impact of their use in the process of learning, a comparative studio has been done on the results given by 
an evaluation of the topic taken on two groups, one which has used the virtual laboratory and the other that has worked in the 
traditional way. Finally, some students of both groups were interviewed, so as to let them tell about the things that worked as 
obstacles or facilitators in the incorporation of the related concepts, and give their opinion about the tools, in case they used them. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The usage of technological resources in the apprenticeship process lets professors generate learning situations 
that allow the development of thinking abilities of students. This happens because technology does the hard and 
humdrum activities that must be done, but bring nothing directly to the educational activity. This situation lets the 
student concentrate on the concepts the teacher wants to highlight or make a careful study of them. 
Related to this fact, new technologies open spaces where students can feel mathematical experiences; make them 
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happen is almost impossible with traditional tools as pencil and paper, or chalk and blackboard. In these 
mathematical experiences students can engage in exploration activities where they can manipulate mathematical 
objects and their relations, and where they can build a wider and stronger vision of mathematical content [1]. 
So, it is possible to affirm that technological tools are a powerful resource in the learning process, because they 
give didactic and pedagogical possibilities of wide range. This occurs because these tools not only let visualize 
phenomenon that would not be accessible in other way, but also make easier the learning of concepts leaning on the 
investigation of students and the use of characteristic procedures of the scientific work [2]. Within them, virtual 
laboratories are highlighted. 
 
2. Virtual Laboratory of Numerical Analysis (VLNA) 
 
On the way of searching elements that allow simplifying the teaching of certain concepts that are often hard to 
acquire, and that need long and boring practice processes, the “Virtual Laboratory of Numerical Analysis” (VLNA) 
arose. New pedagogical situations are generated by the usage of this kind of tools, where interactive participation of 
students with the contents of the laboratory is clearly noticed, allowing the students learn the concerned topics. 
The VLNA is a collection of personalized windows that let students work with all the issues that are treated in the 
different courses of Numerical Analysis at Facultad Regional San Nicolás: resolution of nonlinear equations, 
resolution of linear equation systems, resolution of nonlinear equation systems, interpolation and curve fitness, 
numerical integration and resolution of ordinary and partial differential equations. All these windows were 
developed in Spanish, they are available at the URL www.frsn.utn.edu.ar/gie by clicking the buttons resources; the 
ones presented here were translated into English. 
There is no need of hard training for using these tools. The training is minimal, because these windows were 
developed to present a simple interface for their interpretation and use. This aim lets the students concentrate in the 
mathematical concepts that the professor wants to emphasize, without needing to manipulate commands and syntax 
of programs or languages they have never used. 
The section of the VLNA that refers to the solving of linear equation systems gives the possibility of choosing 
different methods to obtain the numerical solution, grouped in three categories: direct methods of elimination, direct 
methods of decomposition and iterative methods. It is supposed that they are known, that is the reason why they are 
not described here [3, 4]. 
Tools were initially developed in MAPLE [5]. But as this software is not accessible to every student, it was 
decided to use free software. That´s the reason why SCILAB was chosen. This is not symbolic software, like 
MAPLE, it was created to work in numerical way, but it is useful for our purposes. Therefore, all designed windows 
have been replaced so as students can have access to them without restrictions. Also, some modifications that arose 
in their use were incorporated. 
 
3. Description of the Windows 
 
The VLNA presented here consists of three personalized windows: one presenting direct methods of elimination; 
another, direct methods of decomposition and the last, iterative methods. In Fig. 1 the window for solving linear 
systems by decomposition methods is shown. As it can be seen in this figure, the system must be entered, and it is 
possible to select the two methods offered, Cholesky and Doolittle in this case. 
The window related to elimination methods is very similar, data are entered as in the window showed in Fig. 1, 
and the methods of decomposition offered are Gauss and Thomas.  
In all cases, when applying a method, conditions to be fulfilled by the problem are checked, and in case they are 
not satisfied, a message of error is shown. 
So as to apply one of the methods available in the windows, the system must be loaded, by pressing the System 
data button, which lets the user enter the necessary data in dialogue boxes. 
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Fig. 1. The window for decomposition methods 
 
When pressing the System data button for the first time, the system order is required and then, in the successive 
dialogue boxes, the coefficient matrix and independent term should be uploaded. These dialogue boxes are shown in 
Fig. 2. Data changes are possible by clicking the See/Edit data button. The Help button shows a brief description of 
the application, and the Clean button deletes all the data entered. 
In order to obtain results by applying any method, the main buttons must be clicked. The Decompose button 
makes this action over the coefficient’s matrix. As results, the number of operations required is obtained, as well as 
the matrices of the decomposition (one for Cholesky, two for Doolittle). Then, the system solution is obtained by 
pressing the homologous button. This action also updates the number of operations. 
The other window, that allows users to apply elimination methods, works like the window described above. The 
only difference is that, in the place of the Decompose button, the Equivalent System button can be found. When 
the user clicks here, the new coefficient matrix and the new independent term are shown.  
It is already known that not every system of linear equation can be solved by these methods [3]. If a student 
chooses a method that is not possible to apply to the system that has been entered, a warning message is shown.  
 
    
 
Fig. 2. Dialog boxes for data entry 
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In the window for solving linear systems by iterative methods, Jacobi and Gauss Seidel are the ones available, as 
shown in Fig. 3. The data entry, data editing, help and cleaning buttons work like the homologous of the windows 
described before. 
As it can be seen in Fig. 3, it is possible to obtain, for each method, the matrix of the iterative formulae with the 
Method´s Matrix (T) button. This is not the coefficients’ matrix, it is the one obtained when the system Ax = b is 
rewritten as x(k) = T x(k-1) + c. With this formulae, a succession of vectors{x(k)} is obtained, which converges to the 
solution if the modulus of the spectral ratio of T is less than one [3]. This analysis can be done by pressing the 
Convergence button. 
 
 
 
Fig. 3. Tool for iterative methods 
 
The Calculate button allows the student to obtain the approximation achieved after the amount of iterations 
established. With the Step by Step button, it is possible to see the approximation obtained at each iteration, one by 
one. If the student wants to see and compare the obtained approximations, it will be possible by pressing the Values’ 
table button. 
 
4. Impact of the Utilization of the Virtual Laboratory in Class 
 
The calculus’ capacity of the designed resources allows students to execute routine procedures, in a fast and 
secure way. Therefore, students can spend more time analyzing and drawing conclusions [6]. 
The VLNA for solving equation systems has been used, since 2008, in Numerical Analysis courses of the 
engineering careers in Facultad Regional San Nicolás as a closing activity, with the purpose of intensifying and 
refining certain conceptual issues. Examples, intentionally selected so as to enable the understanding of certain 
concepts, are discussed in class. 
In order to evaluate the impact of its use, a comparative study was made. It was based on the results achieved in 
an evaluation tool used at the end of the teaching process, in two groups, where only one used the resource. The 
applied instrument was a conceptual questionnaire that students had to answer when the unit was finished. 
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Although a lot of factors influence the academic performance of a student, an improvement of the obtained 
results is possible to be found after the application of the personalized window. This fact was also confirmed when 
comparing the percentage of students that answered good, regular or fail at some of the questions in the conceptual 
questionnaire. As an example, Fig. 3 shows the results of the evaluation of the students’ acquirement of the studied 
concepts. In these figures, “Group 1” is the one that used the resource, and “Group 2” the other. 
 
 
Fig. 4. Percentage of students that answered good, regular or fail in diverse concepts 
 
In Fig. 4a it is possible to see that students who used the tools presented, those in Group 1, had better 
performance in recognizing differences between direct and iterative methods. Fig. 4b shows that students in Group 1 
understood better the concepts related to the convergence of iterative methods. 
The questions concerning the amount of operations needed by the different methods were answered almost equal 
by the two groups, as it can be seen in Fig. 4c, although percentages are better in Group 1 than in Group 2. 
Even though the academic performance of a student is generally measured from his evaluation processes, the 
simple measurement of such performances does not provide by itself the necessary information to decide which 
actions must be taken so as to improve the quality of the learning process [7]. That is the reason why some 
interviews with students of both groups were done, so as they could tell their experience related to the learning of 
the issue that has been studied, talk about the things that worked as obstacles or facilitators in the incorporation of 
the concepts related, and give their opinion about the tools, in case they used it. 
In general students expressed that their understanding of the methods for solving system equations could be 
completed only after doing an exercise; in other words, the practice works as a kind of support for the theoretical 
understanding of the studied method. The students who used the personalized windows in the learning process of the 
topic “solving systems of learning equations” said that they helped them, in the resolution of certain examples, to 
clearly understand what is exposed in theory, without needing calculations.  
All the students’ opinion gave place to a very interesting dialogue between professors responsible of the courses 
and the students, about the themes studied, the way they studied, the acquired concepts and the utility of the offered 
material. 
 
5. Conclusion 
 
The professor’s main role is to let the students build their own knowledge. With that purpose, teachers must 
design situations that allow students to interact with the medium in which they are immersed. Therefore, the usage 
of technological tools not only lets designing didactic sequences that take into account the difficulties that students 
have, but also the use of them invites students to take an active and preponderant role in their learning process.  
The laboratory of linear systems presented here is part of the set of didactic resources developed to be applied in 
the Numerical Analysis courses at the Facultad Regional San Nicolás, being the main goal the improvement of the 
learning of the methods that are included in these courses. 
In the opinion of the authors the use of personalized windows, particularly in this subject, lets students quickly 
analyze advantages and disadvantages of each method, decide which method is convenient taking into account the 
properties of the system being solved, and the necessary and sufficient conditions that each method requires. 
Although, it is worth to highlight that the only presence of this kind of resources does not make the process of 
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learning easier. Professors are the ones that, with their precise intervention, will allow this goal achievement. 
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